Objective: To review a quality improvement event on the process of sign-outs between the primary and on-call residents. Design: A retrospective qualitative study using semi-structured interviews. Setting: A tertiary academic medical center in Singapore with 283 inpatient Medicine beds served by 28 consultants, 29 registrars, 45 residents and 30 interns during the day but 5 residents and 3 interns at night. Participants: Residents, registrars and consultants. Intervention: Quality improvement event on sign-out. Main outcome: Effectiveness of sign-out comprises exchange of patient information, professional responsibility and task accountability. Results: The following process of sign-outs was noted. Primary teams were accountable to the oncall resident by selecting at-risk patients and preparing contingency plans for sign-out. Structured information exchanged included patient history, active problems and plans of care. On-call residents took ownership of at-risk patients by actively asking questions during sign-out and reporting back the agreed care plan. On-call residents were accountable to the primary team by reporting back at-risk patients the next day. Conclusion: A structured information exchange at sign-out increased the on-call resident's ability to care for at-risk patients when it was supported by two-way transfers of responsibility and accountability.
Introduction
National healthcare agencies, such as the Joint Commission, and the World Health Organization, in its 'High 5s' Project Action, have acknowledged the importance of clinical handovers, handoffs, signouts or shift reports to the continuity of care and patient safety [1] [2] [3] . Shift-to-shift handoffs were found to impact patient outcomes in a systematic review [4] . With increased work-hour restrictions in residency programs comes more shift changes and sign-outs. Since junior doctors in academic centers provide the primary inpatient care during the night, poor sign-outs increase uncertainty in medical decision making, suboptimal care, work inefficiencies and preventable harms [5, 6] .
Sign-outs involve the transfer of patient care between providers involving the transfer of patient information, professional responsibility and accountability [7, 8] . Previous reviews have suggested that most sign-outs are informal, variable, unstructured and error prone [9, 10] . Inadequate sign-outs have been linked to a lack of systematic format or structure in information transfer, resulting in incomplete patient information and omissions [10] [11] [12] . On-call residents who have not personally examined coverage patients or are unfamiliar with the plans of care established by another person may be unaware that important patient data have been omitted during signouts [13] . Thus, they are ill-prepared for unanticipated patient deterioration during the night [14] .
As residency training programs and quality improvement (QI) projects focus on standardizing sign-out communications [11, 15] , there is scant emphasis on transfers of professional responsibility and task accountability in such programs [14] . Even when the information exchange protocol is adequate, unclear lines of 'responsibility' for patient follow-up, paired with unclear 'accountability' for patient management during transitions has influenced clinicians' perceptions of unsafe handovers. Responsibility is defined by Horwitz et al. [16] as a sense among on-call clinicians that they were not 'just covering' but rather is an integral part of the patient's care. It refers to a sense of ownership or allegiance that clinicians feel for patients under their care [14, 17] . Typically, the primary resident who admitted the patient has the most extensive knowledge of the patient [18] . On-call residents who cover (watch over) patients they did not admit may not experience a similar sense of ownership due to the lack of familiarity [6, 12, 14, 17] . A strong transfer of responsibility between the primary and on-call clinicians requires that primary residents prepare and discuss care plans with the on-call resident through bidirectional conversations to clarify issues about the patient so that the on-call resident can make appropriate decisions for the patients overnight [19, 20] . Without the effective transfer and acceptance of responsibility during sign-outs, there is little assurance that the on-call provider has an appropriate mental model of the patient's plan of care [13] .
Accountability is defined as the giving of a justification for holding specific views, positions, or making certain choices for specific behaviors and actions [21] . When the primary resident gives reasons for care plans, this helps on-call residents understand the significance of not missing important milestones. A lack of accountability by the primary resident can lead to delays and increased risks for patients when the on-call resident makes time-consuming searches to understand the plans of care. In sum, quality sign-outs involve beyond transferring relevant patient information to include transferring responsibility and accountability for patient care [14] .
The purpose of this study is to report a process view of the mechanisms through which each dimension of handover (i.e. information exchange, responsibility and accountability) is activated for patient care between the primary and on-call residents during the evening sign-out at a large academic center in Singapore. Since past studies focused on sign-out communication [9, 11, 15] or utilized survey methodologies [6, 8, 20] , our qualitative study using a grounded theory approach fills a current gap by providing a richer context to understanding the process in which the transfers of information, responsibility and accountability occur in sign-outs [7] .
Methods
The design of this study uses a retrospective qualitative method comprising one-on-one semi-structured interviews. Previous reviews guided the development of the semi-structured interview questions [3, 9, 10, 16, 19, 20] . The interviews were conducted by nonclinician qualitative researchers who were actively engaged in transitions of care research in another hospital setting and guided by senior clinicians in the study location. The interviewers did not know the interviewees prior to the interviews and were therefore arms-length observers. Clinician members of the research team did not participate in the data collection process. Instead, they participated in the interpretation of the data by providing contextual information on the hospital's conditions and history of the QI event that triggered the handover intervention.
Context
The setting for this study was at a tertiary academic medical center in Singapore with about 1228 inpatient beds. 28 consultants (attending physicians), 29 registrars (fellows), 45 residents (PGY2 or PGY3 housestaff) and 30 interns (PGY1 housestaff) served 283 inpatient beds in the Medicine Department during the day. The coverage drops to five residents and three interns during the night shift. A root cause analysis of eight sentinel events that occurred between 2008 and 2010 pointed to inadequate sign-outs as a contributing factor. A survey conducted prior to the QI event showed significant variability in sign-out methods and content. For example, 61% of the residents reported that sign-outs were not informative, 39% reported that sign-outs did not provide clear plans and 38% reported that sign-outs were unstructured.
In November 2011, clinical staff from every level and department were tasked to identify root causes and suggest solutions for sign-outs in a 2.5-day QI exercise. The resulting sign-out protocol included the following features: (i) a minimum data set for information exchange; (ii) protected time and location for the sign-out; (iii) senior physician supervision; and (iv) prioritization of sign-out based on patient acuity leading to a tiering system for patient sign-outs.
After consultation with a senior physician in charge of the internal medicine wards, we recruited an initial group of three residents, two registrars and two consultants to maximize the heterogeneity in experience (from novice to clinician leader) and range of views for our interviews. We originally intended to select subsequent interviewees through a snow-balling recruitment technique but stopped after the first round when we noticed a convergence of views and experiences around key constructs such as 'the primary should be the ones who prepare a good handover because these are their patients', 'it's scary to be an on-call because I don't know the patients', or 'if I was told, I would know what to do'. In short, we were approaching theoretical saturation in our interviews [22] . To verify that further interviews would yield little additional theoretical insight, the interviewers observed five evening sign-outs and shadowed the residents for three 24-h work cycle. We noted the routines of the primary team and the information they selected for sign-out to the on-call residents at 5 pm for~3-8 acutely ill patients. We shadowed the latter overnight to observe how s/he went about meeting the primary team's requests to care for these patients. We then shadowed the on-call residents at their 7 am sign-outs to the primary team. We observed that during the day, the primary team attended to patients with active issues and prepared their care plans before sign-out. During signouts, both primary and on-call residents discussed these care plans. The on-call residents only performed tasks assigned to them. Thus, we were confident that most critical information was captured and so the final process model was derived from these interviews.
We sought verbal permission from the participants to interview and tape the interviews. After the interviews were transcribed, participants were shown the transcripts, and given the opportunity to correct the record. Permission to use the transcripts were sought from the interviewees a second time, via email, before the analytical work began. As this was a retrospective evaluation of a QI event, a formal ethics review was not required in accordance with the policy of the hospital. The interviewees' identities were protected (names were omitted in the oral recordings and transcripts), their work performance was not recorded, and patient health data was not collected for this study.
Data
We conducted one to 1½-h semi-structured interviews with three residents, two registrars and two consultants in two spells: the first in December 2012, which was 1 year after the QI event; and the second in June 2013, which was 6 months after the first interview, to evaluate the sustainability of and revisions to the sign-out protocol. The interview questions are available on request from the corresponding author. All interviews were audio recorded, omitted the interviewees' names and transcribed into written text and emailed to the interviewees for verification. The third author documented the sign-outs that occurred in the designated location and time while the fourth author verified that sign-outs occurred among residents in accordance with the patient acuity tiering method.
Data processing
Transcripts from the interviews were analyzed according to guidelines for qualitative studies to determine themes and aggregated dimensions for the phenomenon under investigation. These included the cross-referencing and comparison of the constructs discussed by the interviewees [23, 24] . The coding process involved open coding, line-by-line and incident-by-incident followed by selective coding, focused coding and theoretical coding approaches [24] .
First, in vivo open coding was used to identify and categorize initial concepts in the data by utilizing the language used by the informants. During the open coding phase, data was broken down into incidents and closely examined for similarity and differences [25] . The first author performed the coding process by making handwritten first order codes at the margin. These initial codes were sharpened by the last author. The first author then categorized these codes by asking the question: 'What category or property of category does this incident indicate?' [26] . The first author initially named the emerged categories based on their meaning while the last author renamed and reduced the number of categories to obtain the best fit of the data.
Next, axial coding was utilized to identify second order themes from these first order conceptual categories. In axial coding, the first author first searched for relationships between and among categories, which facilitated assembling them into higher-order themes [23] .
Finally, overarching dimensions were extracted through a 'recursive, process-oriented, analytic procedure' by grouping and regrouping similar themes until a clear theoretical relationship emerged [22, 23] . These three coding processes were repeated iteratively using different starting points in the transcript data until theoretical saturation was reached, where the data did not add new information to the theory, to ensure convergence. The second, third and fourth authors, who designed and implemented the original sign-out protocol and who were blind to the coding process, validated the themes and added further context during the initial reviews of the draft document.
Results
The final data structure from the qualitative analysis is reported in Table 1 and shown in Fig. 1 , which summarizes the second-order themes on which we built our model. The data structure illustrated in Fig. 1 reveals five dimensions in the model of the resident's signout: responsibility of the primary team, accountability to on-call resident, information to exchange, responsibility of the on-call resident, and accountability to the primary team.
Note that these dimensions were not in the original design of the sign-out QI, which was focused on structure, timing, location, and supervision. Instead, these dimensions emerged from the interview transcripts. We integrated the progressive data structure in Fig. 1 with the emergent model in Fig. 2 and the additional supporting data in Table 1 to triangulate the evidence for our findings. As such, we are highly confident that our analysis fully captured the process as it was experienced by the residents.
Three specific themes characterized the informants' experiences pertaining to the responsibility of the primary team. They were: know the patients, select sick patients and prepare a care plan, which were related to being accountable to the night time on-call resident. The first theme involved an acknowledgment that only a member of the primary team best knew the clinical conditions of their own patients since they ordered the diagnostic tests, interpreted the results and provided care for these patients from time of admission. Since the primary team left at the end of the day, they were responsible for ensuring continuity of care of their patients during the night by the on-call team. As this hospital only required face-toface sign-outs for critically ill patients, the informants believed it is the responsibility of the primary team to be accountable to the oncall team by selecting the sick patients for review, given the latter would have little knowledge of these patients. To help the on-call provide appropriate care for critically ill patients who might deteriorate, the informants believed it was the primary team's responsibility to be accountable for preparing the task list for follow up and the plan of care in anticipation of potential problems with critically ill or unstable patients.
Accountability to the night on-call was revealed in three themes on information transfer: problems that might occur, plan of care, and patient history. Informing the night on-call team of problems that might occur and providing them with a plan of care enabled the latter to anticipate and take quick and appropriate actions if a patient deteriorated. Additionally, providing the night on-call with the patient's history gave them background to adapt to unexpected events. • 'it is the duty of seniors, meaning consultants and registrars, in the primary team to do tiering of the patients, and their duty to tell the juniors to handover these patients to the on-call.' [resident 3] Select sick patients
• 'tell the night doctor who the sick patient is…these would be people who had obviously been deteriorating over a period of time, for example, their blood pressure had been dropping all day, had been becoming more confused or had an unexplained breathlessness at 5 pm as everyone was going home…this would be one where there are 2 or 3 vitals that had been on a negative trend [consultant 1]' • 'the aim of handover is to pass the information to the on-call on patients who are sick who need a review and things to follow up.' [resident 2] • 'we have about 300-400 patients and we have 6 doctors to take care of them overnight so it can be quite a burden if we don't identify patients for them to care.' [resident 1] Prepare care plan
• 'we anticipate problems and try to come up with solutions before it happens as part of the thinking process in the day. These are things that could be acted upon earlier or inform about. • 'make sure plans are sorted out before coming to the handover. What needs to be handed over is the unexpected so that if the patient has chest pain or if the patient's blood pressure dropped, the on-call has the information to make decision.' [resident 2] • 'discuss the issues and the management plan prior to the handover so that during the handover, the on- 
Table continued
The responsibility of the night on-call resident was summarized in two themes: not blindly receiving information by asking questions, and reporting back. The interviews indicated that it was the responsibility of the night on-call to critically evaluate the information they received. This was related to the sense of accountability that the night on-call felt towards the primary team. By reporting back to the primary team on overnight events was related to the increased degree of personal responsibility felt by the night on-call and primary team for patient safety.
Discussion
Most of the sign-out literature focuses on the relationship between inadequate communications and patient harm [5, 6] . Our data suggests that while formal sign-out protocols facilitated efficient information exchange, providers who followed the protocol productively were those who preceded this activity by the show of accountability and responsibility. The outgoing clinician took professional responsibility to present a well-crafted 'story' or problem description beyond the giving of 'relevant numbers' about the patient. The outgoing clinician ensured that the incoming clinician understood the patient's hospital course of stay by providing rationales for contingency plans and tasks to be completed. The incoming clinician took professional responsibility to actively ask questions, took notes rather than relied on memory for information, and ensured accuracy by reading back the information to demonstrate understanding. The transfer of responsibility is a key process in inpatient settings where providers work in shifts to provide round-the-clock care [20] .
The lack of established roles and accountability between the incoming and outgoing physicians can create coordination failures stemming from a lack of awareness of the primary team's patients and their conditions. When information on the etiology of a patient's current condition is omitted during a sign-out, it may be difficult for the on-call resident to prioritize care or recognize the early signs of deterioration. Thus, an agreement to follow-up on outstanding tests and other clinical tasks to meet important milestones is requisite in task accountability. Unclear task accountability for the on-call resident can lead to delays and increase clinical risks because of time-consuming information searches. Ambiguity in roles between the primary and on-call residents can be minimized by defining expectations for each role.
At this study site, the protocol required that only at-risk were prioritized according to an acuity tiering system. The primary team residents took personal responsibility to ensure that plans of care provided by the consultants are communicated with appropriate justifications to the on-call resident for at-risk patients that needed vigilance at night. In turn, the on-call resident took personal responsibility to ask Figure 1 1st Order Concepts include actual words selected from the interview transcripts that were grouped by similarity. We gave a definition for these similar phases as 2nd Order Themes. Finally, we grouped similarity of constructs in 2nd Order Themes into Aggregate Dimensions.
questions about the plans of care for the primary team's patients with whom they were unfamiliar. The process of sign-out that links information exchange, responsibility and accountability as shown in Fig. 2 is dynamic rather than static. Personal responsibility and task accountability to support information exchange for a unit with a large caseload may represent an extensible model of care.
The main limitations of this study stem from the fact that it is single sited. In the context of a phenomenon influenced by hospital level factors such as the service roster, size of each ward and expectations of on-call residents, generalizations need to be made with care. Yet, because the interviews were conducted over two periods across different levels of staffing, the high degree of stability in the findings indicates that we could be confident of our findings. Another limitation is the small sample size of interviewees, which increased the risk of limited viewpoints. However, even with the small numbers, we obtained similar views from individuals in the same positions as well as across levels and were therefore confident we had reached theoretical saturation in terms of the obtaining no additional unique views. Although only two sentinel events were partially attributed to poor sign-outs during the study period compared to the eight that led to the QI event, a third limitation is our inability to perform statistical correlations with small numbers of events. Nevertheless, these limitations provide opportunities for future research in other sites that could utilize multiple methodologies to test on the generalizability of these findings. Future research may also be extended to other measures of professional responsibility and accountability to include proactive surveillance, detecting, and voluntarily reporting adverse events to improve patient safety [27] [28] [29] as well has include clinical outcomes.
Conclusion
This study demonstrates that transfers of information, responsibility, and accountability were key constructs to understanding quality sign-outs. Sign-out is not an isolated event focused on communication. Educators who only focus on communication and the structure of information at sign-outs may miss other important dimensions of sign-outs. Patient responsibility and task accountability also need to be emphasized. The adoption of checklist-type protocols that foster rote transfers of information without concomitant attention to professional responsibility and accountability may limit improvements in sign-outs. Figure 2 Sign-out process begins with the primary residents knowing the clinical conditions of their patients to select and prepare the care plans for the critically ill patients because they are accountable to the on-call (cover) residents who would not be familiar with these patients. During the sign-out, the primary residents would provide the cover with a history, problems that may occur at night and a plan of care for critically ill patients. It is the responsibility of the cover to not blindly receive the information given but to ask questions so that they can care for these patients overnight. When the primary residents return at 7 am, the cover reports back on overnight issues.
